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Abstract

Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) have revolutionized the management of obesity and type 2
diabetes mellitus, with clinical trials demonstrating weight reductions exceeding 15% and significant cardiovascular benefits.
However, a substantial and persistent gap exists between the efficacy observed in randomized controlled trials and the real-
world effectiveness of these therapies, primarily driven by poor patient adherence and high discontinuation rates. This review
synthesizes current evidence on the multifactorial determinants of GLP-1 RA adherence among patients using these
medications for weight loss. Drawing upon real-world data from North America, Europe, Latin America, and Asia, we
examine the physiological, psychological, economic, and healthcare system-related barriers that undermine treatment
persistence. Gastrointestinal adverse effects, particularly nausea and vomiting, represent the most frequently cited
physiological barrier, with discontinuation rates peaking during dose escalation. Economic barriers, including high out-of-
pocket costs and inconsistent insurance coverage, profoundly impact adherence, with persistence falling below 10% in
unsubsidized settings. Psychological factors, including the transient suppression of appetitive drive and the resurgence of
"food noise" upon missed doses, further complicate long-term adherence. Healthcare system factors, including the quality of
patient-provider communication, the provision of comprehensive education about dose titration and expected outcomes, and
the availability of integrated nutritional and behavioral support, emerge as critical modifiable determinants of treatment
persistence. This review proposes an integrated care framework incorporating medical nutrition therapy, structured lifestyle
support, and patient-centered communication strategies to bridge the efficacy-effectiveness gap and optimize clinical
outcomes in patients receiving GLP-1 RA therapy for weight management.
Keywords: GLP-1 receptor agonists; treatment adherence; medication persistence; obesity management; weight-loss

injections; gastrointestinal tolerability; healthcare costs; patient education.

Introduction
1. Introduction and Background
1.1 The Therapeutic Revolution of GLP-1
Receptor Agonists

The therapeutic landscape for obesity and
type 2 diabetes mellitus (T2DM) has been
fundamentally transformed by the advent of
glucagon-like peptide-1 receptor agonists (GLP-1
RAs) [1]. These innovative medications enhance
glucose-dependent  insulin  secretion,  suppress
pancreatic glucagon production, slow gastric motility,
and reduce body weight by increasing satiety and
decreasing appetite [2]. From the initial introduction
of short-acting agents to the current dominance of
long-acting  analogues—including  semaglutide,
liraglutide, dulaglutide, and the dual glucose-
dependent insulinotropic polypeptide (GIP)/GLP-1
RA tirzepatide—these pharmacotherapies have
substantially expanded the non-surgical treatment
options available for obesity and cardiometabolic
disease [3]. Randomized controlled trials (RCTS)
have consistently demonstrated efficacy profiles
previously unattainable with non-surgical

interventions. Foundational studies such as STEP and
SURPASS established high benchmarks for weight
reduction, with recent data from the SURMOUNT-5
head-to-head trial demonstrating that dual agonism
with tirzepatide can achieve mean body weight
reductions exceeding 20% [4]. Furthermore,
landmark trials such as SELECT have confirmed
significant reductions in major  adverse
cardiovascular events (MACE), establishing these
agents as systemic disease-modifying therapies
beyond glycemic and weight control [5]. Recent
guidelines from the American Diabetes Association
recommend that GLP-1 RAs should be considered
when atherosclerotic cardiovascular disease, heart
failure, or chronic kidney disease predominates,
independent of glycated hemoglobin (A1C) levels
[6].
1.2 The Persistence Gap: Efficacy Versus Real-
World Effectiveness

Despite these demonstrated benefits, a
critical dichotomy has emerged between the highly
supervised environment of RCTs and the realities of
routine clinical practice [7]. While RCTs report
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retention rates often exceeding 85% over 68 weeks,
real-world evidence from diverse healthcare systems
consistently indicates that a substantial proportion of
patients discontinue therapy within the first year [8].
This attrition fundamentally undermines the chronic
disease management model required for obesity and
diabetes care, leading to weight regain, metabolic
rebound, and the forfeiture of long-term
cardiovascular protection. The magnitude of this
persistence gap varies considerably across regions
and patient populations. In the United States, a study
of 4,066 commercially insured obese adults without
diabetes who initiated GLP-1 therapy found that only
32.3% remained persistent at one year, with
adherence rates (proportion of days covered >80%)
of just 27.2% [9]. Similarly, a large-scale 1QVIA
analysis revealed that 15% of all approved GLP-1
prescriptions are abandoned at the pharmacy counter
without a single fill, while an additional 36% of
patients discontinue therapy immediately following
their first fill [10]. In obesity-focused or high out-of-
pocket-cost settings such as Poland and Colombia,
persistence falls below 10% at 12 months, with some
cohorts showing persistence below 15% by 24
months [11]. This persistence gap is not merely a
statistical curiosity; it has profound clinical and
economic implications. Individuals who persist with
GLP-1 RA therapy achieve significant AlC
reductions, are more likely to achieve an A1C of
<7%, and experience fewer hospitalizations and
shorter hospital stays [12]. The financial implications
are equally staggering: by early 2025, GLP-1 costs
accounted for approximately 15% of the entire
commercial pharmacy benefit expenditure in the
United States, reaching $29.15 per member per
month, with much of this expenditure yielding
limited clinical benefit due to early discontinuation
[9].
1.3 Rationale and Scope of This Review

Understanding the factors that influence
adherence to GLP-1 RA therapy is essential for
developing effective strategies to bridge the efficacy-
effectiveness gap. While previous research has
provided initial insights regarding various reasons for
discontinuation, the contributors to therapy
persistence have not been well defined or
comprehensively synthesized [13]. This review aims
to provide a systematic analysis of the multifactorial
determinants of GLP-1 RA adherence among patients
receiving these medications for weight loss, drawing
upon real-world evidence from diverse healthcare
systems and integrating physiological, psychological,
economic, and healthcare system perspectives.
2. Defining and Measuring Adherence and
Persistence
2.1 Conceptual Framework

A clear distinction between adherence and
persistence is essential for understanding the factors
influencing GLP-1 RA therapy continuation. The
World Health Organization defines adherence to
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long-term therapy as "the extent to which a person's
behavior—taking medication, following a diet and/or
executing lifestyle changes—corresponds with agreed
recommendations from a health care provider" [14].
Adherence thus refers to conformity with dosing
recommendations, encompassing both the timing and
dosage of medication administration. Persistence, in
contrast, refers to the continuity of therapy over
time—the duration from treatment initiation to
discontinuation [15]. These constructs are measured
using distinct methodologies in real-world studies.
Adherence is commonly assessed using the
proportion of days covered (PDC) or medication
possession ratio (MPR), with a threshold of >80%
typically considered adherent [15]. Persistence is
typically measured as the absence of a gap in therapy
exceeding a specified threshold (commonly 60 or 90
days) [9]. It is important to note that these definitions
are not standardized across studies, with allowable
gap thresholds ranging from 60 to 90 days and some
studies measure persistence as a binary outcome at a
fixed time horizon while others measure it as a
continuous variable [11].
2.2 Methodological Challenges in Adherence
Research

Several methodological challenges
complicate the interpretation of adherence and
persistence data in GLP-1 RA research. First, real-
world datasets are subject to potential biases related
to insurance coverage, healthcare system structure,
and reimbursement policy, which vary markedly
across regions [11]. Second, operational definitions
of persistence and discontinuation differ substantially
across sources, precluding direct quantitative
comparison of persistence percentages across cohorts
[9]. Third, claims-based measures of adherence may
not fully capture patients' actual medication-taking
behavior at home, as prescription refill patterns
represent indirect measures of medication use [16].
Despite these limitations, the consistency of findings
across diverse healthcare systems and study designs
provides compelling evidence for the existence of a
substantial persistence gap and points toward
common underlying drivers.
3. Global Epidemiology of GLP-1 RA Adherence
and Persistence
3.1 North America

In the United States, the uptake of GLP-1
RAs has increased rapidly, yet persistence rates
remain markedly low. The market is characterized by
high out-of-pocket costs, complex insurance
utilization management, and recurrent supply
shortages [11]. A comprehensive analysis of 4,066
commercially insured obese adults without diabetes
who initiated GLP-1 therapy in 2021 found that
overall GLP-1 persistence was 46.3% at 180 days and
32.3% at one year [9]. Adherence rates were equally
concerning, with a mean one-year PDC of 51.0% and
only 27.2% of patients achieving a PDC >80%.
Persistence varied significantly among GLP-1
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products, with once-weekly injectable semaglutide
(Ozempic) demonstrating the highest median
persistence at 279 days, followed by once-weekly
dulaglutide (Trulicity) at 230 days. Daily injectable
liraglutide products (Saxenda and Victoza) had the
lowest median persistence at approximately 120 days
[9]. These findings are consistent with the broader
literature demonstrating that reduced dosing
frequency is associated with improved adherence
[17].
3.2 Europe

European data, derived largely from national
registries, provide insight into adherence patterns
within systems with stricter prescribing indications
and varying reimbursement structures. In Sweden,
where GLP-1 RA therapy for T2DM is covered
within the public reimbursement framework, a study
of 73,895 new wusers reported a cumulative
discontinuation incidence of 23.6% at one year and
38.5% at three years—corresponding to one-year
persistence of approximately 76.4% [18]. Notably,
among patients who discontinued, 41.1% reinitiated
therapy  within  one year, suggesting that
discontinuation in the Swedish context is frequently
transient rather than terminal. Danish nationwide
register data provide the largest and most
methodologically detailed European reference point.
Analyzing 44,343 first-time GLP-1 RA users with
T2DM, Lassen et al. reported a 12-month
discontinuation risk of 21.2% (corresponding to 12-
month persistence of 78.8%) [19]. However, only
48.6% of patients met the adherence threshold of
PDC >0.80 at 12 months—indicating that a
substantial proportion of patients formally remain on
therapy but are intermittently adherent. A marked
socioeconomic gradient was also documented: the
12-month discontinuation risk was 24.5% in the
lowest household-income tertile compared with
18.0% in the highest, even within a publicly
reimbursed system with a capped annual co-payment
[19]. In contrast, data from Poland illustrate the
pronounced incremental impact of unsubsidized
medication costs. An analysis of the Polish LUX
MED database found that only 6.6% of patients
achieved long-term use (defined as >12 consecutive
prescriptions), with 35.1% receiving only a single
prescription [20]. The absence of state reimbursement
for obesity pharmacotherapy, combined with
prohibitive out-of-pocket costs, resulted in a 12-
month persistence of only 6.6% [20].
3.3 Latin America

Data from Latin America reveal profound
disparities in access and persistence driven by
socioeconomic barriers. A 2025 retrospective study
of 9,356 new semaglutide users in Colombia
documented a rapid decline in the persistence curve:
35.4% abandoned treatment after a single month,
with a mean duration of use of only 93.7 days. By six
months, persistence had fallen to 13.8%, and at 12
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months, only 0.2% of the cohort remained on therapy
[21]. This steep decline demonstrates that, without
subsidized healthcare infrastructure and integrated
clinical follow-up, the therapeutic potential of GLP-1
RAs is largely negated by economic realities.
3.4 Asia and the Middle East

Data from Asia and the Middle East reveal
unique adherence patterns influenced by metabolic
phenotypes and healthcare access. Evidence from a
Saudi tertiary-care cohort indicates that, although
GLP-1 RAs are widely prescribed, 12-month
persistence with injectable semaglutide is lower than
with oral sodium-glucose cotransporter 2 inhibitors
(approximately 40% versus a higher rate with SGLT2
inhibitors), suggesting that injection burden and cost
may drive patients toward oral alternatives [22]. It
has been hypothesized that East Asian populations
may experience a higher incidence of gastrointestinal
adverse events with fixed-dose GLP-1 RA therapy
because of lower average body surface area relative
to non-East Asian populations, though this
proposition requires further investigation [23].
4. Physiological Barriers to Adherence
4.1 Gastrointestinal Adverse Events

Gastrointestinal (GI) adverse events remain
the most frequently cited medical reason for
discontinuation across both clinical trial and real-
world settings [24]. The mechanisms underlying
these events are intrinsically linked to GLP-1
pharmacology: GLP-1 inhibits gastric emptying and
reduces bowel motility through a vagally mediated
gastric braking mechanism, prolonging the sensation
of fullness while simultaneously driving upper GI
symptoms [25]. In the largest cross-sectional survey
of GLP-1 RA discontinuation in routine practice,
surveyed patients most frequently cited nausea
(64.4%) and vomiting (45.4%) as their principal
reasons for abandoning treatment [26]. A qualitative
study of 36 adults with T2DM found that among
discontinuers (n=20), the most commonly identified
challenges leading to treatment discontinuation were
side effects (55%) and high cost (50%) [13].
Similarly, a recent cross-sectional study of 91 non-
persistent GLP-1 RA users found that adverse effects
were the primary reason for stopping in 52% of
participants, followed by medication shortages (33%)
and cost (25%) [27]. Importantly, discontinuation
rates peak during the dose-escalation phase. As
higher-dose formulations are developed to maximize
weight-loss outcomes, the physiological burden
intensifies. The 2025 STEP UP trial, which evaluated
an investigational 7.2 mg dose of semaglutide, found
that Gl adverse events occurred in approximately
71% of participants in the high-dose group, compared
with 61% receiving the standard 2.4 mg dose and
43% receiving placebo [28]. This dose-dependent
increase in toxicity suggests that aggressive titration
without concurrent strategies to optimize gastric
volume management and meal composition
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substantially increases the risk of early patient
discontinuation.
4.2 Dietary Modulation of Gastrointestinal
Tolerability

The interaction between dietary composition
and GLP-1 pharmacology is central to tolerability.
Dietary lipids are potent stimulators of endogenous
gut hormones, including cholecystokinin and peptide
YY, which act synergistically with GLP-1 to inhibit
gastric emptying [29]. When a patient receiving a
high-dose GLP-1 RA consumes a high-fat meal, the
combined effect of pharmacological and endogenous
lipid-mediated signaling can produce profound
gastric stasis, resulting in prolonged retention of
gastric contents, fermentation, distension, and
stimulation of mechanoreceptors that trigger the
emetic reflex [30]. Nutritional strategies to mitigate
Gl symptoms include transitioning from three large
meals to five or six smaller, nutrient-dense feedings
to reduce mechanical distension of the stomach;
reducing fat load per meal to attenuate postprandial
nausea; and ensuring adequate hydration to prevent
constipation and mitigate the secondary reduction in
fluid intake due to suppressed thirst perception [30].
During acute nausea episodes, particularly during
dose escalation, the transition to liquid or semi-solid
foods may facilitate gastric transit [11].
4.3 Lean Mass Loss and Sarcopenia Risk

The rapid weight loss induced by high-dose
GLP-1 RAs is accompanied by substantial reductions
in fat-free mass, which may impair muscle function
and predispose to clinical sarcopenia, particularly in
older adults and those with baseline sarcopenic
obesity [31]. Reduction in fat-free mass during
weight loss is not equivalent to sarcopenia, which is a
clinical syndrome defined by reduced muscle strength
or physical performance in addition to low muscle
mass. Nevertheless, preserving fat-free mass during
pharmacologically induced weight loss remains a
clinically important goal. The standard population-
level Recommended Dietary Allowance (0.8
o/kg/day) was derived from nitrogen-balance studies
in healthy younger adults underweight-maintenance
conditions and is insufficient for patients in a
substantial catabolic state, in older adults, or in those
with chronic disease [32]. The PROT-AGE
international position paper recommends a minimum
daily intake of 1.0-1.2 g/kg/day for healthy older
adults and 1.2-1.5 g/kg/day for those with acute or
chronic illness [33]. In the specific context of
intentional weight loss, protein intakes at the upper
end of this range (=1.2 g/kg/day and up to
approximately 1.6 g/kg/day), combined with
resistance exercise, are recommended to attenuate the
disproportionate loss of fat-free mass that otherwise
accompanies negative energy balance [34].
5. Psychological Barriers to Adherence
5.1 Appetitive Drive and ""Food Noise"

A critical psychological driver of both early
treatment success and subsequent relapse is the
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modulation of appetitive drive, commonly described
in patient-reported accounts as "food noise"—a
colloquial ~ construct  describing  maladaptive
prospection and cue-driven mental simulation of
short-term food rewards [35]. GLP-1 receptors are
densely expressed in the hypothalamus (arcuate
nucleus) and the hindbrain (area postrema and
nucleus of the solitary tract), where their activation
enhances satiety signaling and attenuates the hedonic
drive for food [36]. Recent neuroimaging and
behavioral studies indicate that GLP-1 RAs also
suppress activity within the mesolimbic reward
circuitry and modulate the default mode network,
effectively reducing maladaptive  food-related
prospection [37]. However, the suppression of
appetitive drive appears to be transient and
incomplete. A pivotal case study using an advanced
brain-computer interface to continuously monitor a
patient with obesity and binge eating disorder
undergoing tirzepatide therapy revealed that, while
the dual agonist effectively suppressed signaling
within  the mesolimbic reward circuitry, this
suppression was transient [37]. These findings
suggest that GLP-1 therapies may not permanently
remodel the deep neural architecture governing
impulse control, meaning the pharmacological
dampening of the reward pathway could be largely
reversible [38].
5.2 The Rebound Effect and Weight Regain

The abrupt resurgence of intrusive food-
related cognitions upon a missed dose or
discontinuation can be profoundly distressing,
frequently precipitating rapid weight regain and a
sense of treatment failure [39]. A meta-analysis
examining the consequences of GLP-1 RA
discontinuation found that patients typically regain a
substantial proportion of the weight lost during
treatment, with the rate and magnitude of regain
depending on the duration of therapy and the
intensity of concomitant lifestyle interventions [40].
This pattern of weight regain has important
implications for adherence motivation. Patients who
perceive their weight loss as contingent upon
continued medication use may be more motivated to
persist with therapy, whereas those who experience
significant weight regain following missed doses may
become discouraged and discontinue treatment
entirely. The cyclical pattern of initiation,
discontinuation, and reinitiation—observed in
approximately 41% of Swedish patients who
discontinued GLP-1 RA therapy—suggests that many
patients cycle in and out of treatment, potentially
reflecting struggles with both the physiological and
psychological challenges of long-term therapy [18].
5.3 Treatment Satisfaction and Perceived Efficacy

Perceived treatment efficacy is a well-
established predictor of medication adherence across
chronic conditions [41]. In the context of GLP-1 RA
therapy, patients who perceive tangible benefits—
including weight loss, improved glycemic control,
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and enhanced well-being—are more likely to persist
with treatment. A qualitative study of 36 adults with
T2DM found that among continuers (n=16), the most
commonly identified facilitators supporting the
decision to continue were observations of improved
glucose control (50%) and weight loss (55%) [13].
Conversely, lack of perceived efficacy is a significant
driver of discontinuation. In the same study, 25% of
discontinuers reported that "numbers did not
improve" as their primary reason for discontinuation
[13]. This pattern is consistent with the broader
literature  on  medication adherence, which
emphasizes the importance of the interplay between
perceived necessity (the perceived value of a
medication) and perceived concerns (the sense of
burden associated with it) [42]. Treatment
satisfaction, which encompasses both perceived
efficacy and tolerability, is also an important
determinant of adherence. Studies with GLP-1 RAs
have demonstrated that less frequent dosage
administration is associated with greater treatment
satisfaction and improved quality of life, outcomes
that may lead to increased adherence [17].
6. Economic and Structural Barriers to Adherence
6.1 Cost as a Primary Barrier

The acquisition cost of GLP-1 RA therapy,
and the distribution of that cost between patient out-
of-pocket expense and payer coverage, is among the
strongest determinants of treatment persistence
globally. Manufacturer list prices in the United States
substantially exceed those in other high-income
countries: for semaglutide indicated for obesity
(Wegovy 2.4 mg), the monthly U.S. list price of
approximately $1,349 is approximately four-fold
higher than in Germany ($328) and the Netherlands
($296) [43]. A peer-reviewed analysis of estimated
minimum  production  costs  suggested that
semaglutide could be supplied at approximately $40
per 30-day course, indicating that current national
prices primarily reflect manufacturer pricing strategy
and patent protection rather than cost-of-goods
constraints [44]. In the United States, out-of-pocket
costs and utilization management function as direct
barriers to persistence. A dose-response relationship
exists between cost-sharing and adherence: patients
in the highest out-of-pocket cost quartiles have
significantly greater odds of nonadherence [45]. A
recent microsimulation analysis demonstrated that, at
current U.S. net prices, tirzepatide and semaglutide
for obesity have lifetime incremental cost-
effectiveness ratios of approximately $197,000 and
$468,000 per quality-adjusted life-year,
respectively—values that would require substantial
price discounts to reach conventional cost-
effectiveness thresholds [46].
6.2 Insurance Coverage and
Restrictions

Insurance coverage policies profoundly
impact access to and persistence with GLP-1 RA

Formulary
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therapy. In the United States, coverage for GLP-1
RAs varies substantially by indication: while
coverage for diabetes is standard, coverage for
obesity is variable, with some patients facing high
out-of-pocket costs or no coverage for these
medications [47]. Medicare's current policy, which
excludes anti-obesity medications unless prescribed
for another condition like diabetes, exacerbates this
issue [48]. This coverage gap not only fuels
abandonment but also limits reinitiation, further
weakening long-term adherence. Even when therapy
is initiated, mid-year formulary changes or alterations
in employer-sponsored coverage can interrupt
therapy regardless of patient or physician preference
[49]. A factor unique to the U.S. market is forced
discontinuation resulting from such changes, which
can occur multiple times over the course of a patient's
treatment journey.
6.3 Global Variations in Reimbursement and
Access

European reimbursement landscapes are
highly heterogeneous, producing markedly different
patterns of access and persistence within a single
continent. The United Kingdom restricts National
Health Service coverage of semaglutide for obesity to
specialist weight-management services under NICE
Technology Appraisal TA875 [50]. Germany has
limited reimbursement  following statutory
assessment. Several Nordic countries provide partial
coverage with patient co-payment, whereas Poland
excludes obesity pharmacotherapy from public
reimbursement entirely [11]. The continuity of the
cost-persistence association across very different
reimbursement environments is instructive. Even
within the Danish universal healthcare system, where
reimbursable medication is covered at 100% beyond
a fixed annual co-payment of approximately $630,
Lassen et al. demonstrated a 36% higher relative risk
of 12-month discontinuation in the lowest household-
income tertile compared with the highest [19].
Together with the Sweden-Poland contrast and the
international list-price disparities, these data indicate
that GLP-1 RA persistence is driven not by
reimbursement status as a binary variable but by the
cumulative financial burden borne by the individual
patient—a gradient that operates within reimbursed
systems and intensifies dramatically in unsubsidized
ones.
7. Clinical and Patient-Related Factors
7.1 Dosing Frequency and Formulation

Dosing frequency is a critical determinant of
adherence to GLP-1 RA therapy. A substantial body
of data supports a relationship between reduced
dosing frequency and improved adherence. In a
retrospective analysis using claim data from 3,623
patients with T2DM, once-daily liraglutide was
associated with significantly better adherence than
twice-daily exenatide, with an odds ratio for poor
adherence (MPR <80%) of 1.33 (95% CI 1.16-1.53)
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for exenatide versus liraglutide [51]. More recently, a
large retrospective cohort study using claim data
from >22,000 patients found that patients were
significantly more likely to achieve an adherence rate
of >80% if treated with once-weekly exenatide than
with more frequently administered GLP-1 RAs [52].
The convenience of once-weekly versus once-daily
administration is associated with better adherence in
real-world studies involving this agent [17]. In a
propensity-score  matched analysis comparing
dulaglutide with once-weekly exenatide and once-
daily liraglutide, adherence (PDC >80%) at six
months was 54% with dulaglutide compared with
38% with once-weekly exenatide and 44% with
liraglutide [53]. The proportion of patients who
discontinued treatment within the six-month follow-
up was also significantly lower with dulaglutide than
with once-weekly exenatide (26% vs. 48%) or
liraglutide (28% vs. 36%) [53].
7.2 Delivery Device and Injection-Related Factors
Advances in dosage formulation and
delivery devices may also increase adherence to
GLP-1 RA therapy. Important differences exist in
reconstitution and preparation procedures prior to
administration for the wvarious GLP-1 RAs.
Dulaglutide single-dose prefilled pens come with the
active drug already in solution and are ready to use
without the need for mixing, whereas other once-
weekly agents require reconstitution and preparation
[17]. The availability of dulaglutide as a ready-to-use
drug in solution reflects formulation and
bioengineering advances designed to overcome the
issue of reconstitution. Development of a device with
a hidden, ready-attached needle (dulaglutide) may be
helpful for patients with a fear of needles. In a 4-
week trial of 211 injection-naive patients with T2DM
evaluating the dulaglutide single-dose pen, the final
injection-success rate was 99.1%, and >96% of
patients reported that the device was easy to use, they
were satisfied with the device, and they would be
willing to continue its use after the study. Most
patients favored not having to attach, touch, or see
the needle (99%, 98.6%, and 95.7%, respectively)

[54].
7.3  Patient-Provider = Communication and
Education

The quality of communication between
patients and their healthcare providers is a critical
modifiable determinant of GLP-1 RA adherence. A
qualitative  study comparing continuers and
discontinuers found that continuers were more likely
than discontinuers to receive clinically relevant
information from their healthcare team, including
facts about GLP-1 RA medications, likely treatment
benefits, the importance of gradual dose titration, and
the need to adjust diet after initiation [13].
Specifically, 93.8% of continuers (vs. 75% of
discontinuers) confirmed receiving information about
GLP-1 RA medications and having their questions
answered when starting therapy. Importantly, only

Saudi J. Med. Pub. Health Vol. 3 No. 1 (2026)

50% of discontinuers versus 75% of continuers
confirmed receiving information about the
importance of gradual dosage titration [13]. This
finding suggests that continuers may have been more
likely than discontinuers to be started on a "low-
dose" regimen at the time of initiation, which could
account for the higher percentage of continuers
versus discontinuers who reported "minimal or no
side effects” with treatment (87.5% vs. 55.0%,
respectively). Continuers were also more likely than
discontinuers (62.5% vs. 40%) to receive proactive
phone contacts from their healthcare team during the
first few months so that any concerns could be
addressed [13]. Through these interactions,
participants likely received feedback on their
progress, making them more aware of any tangible
benefits that might be accruing. These findings
highlight the importance of thorough patient
education and ongoing support in promoting
treatment persistence.
7.4 Therapeutic Inertia

Therapeutic  inertia—the  failure  of
healthcare providers to initiate or intensify therapy
when indicated—represents a significant barrier to
optimal glycemic control and may indirectly affect
adherence by undermining patient confidence in
treatment effectiveness [55]. In a real-world study of
7,392 adults with T2DM, therapeutic inertia was
observed in 38.0% of the study population [55].
Among individuals who were suboptimally
controlled (HbAlc >7.5%) and receiving GLP-1 RA
therapy, 88.9% received treatment intensification
during follow-up, whereas among non-GLP-1 RA
users, only half received intensified therapy [55].
8. Strategies to Improve Adherence
8.1 Medical Nutrition Therapy and Lifestyle

Support

The integration of Medical Nutrition
Therapy (MNT) and structured lifestyle support
represents a physiologically plausible and clinically
necessary framework to narrow the persistence gap
[11]. In a position paper published in late 2025, the
Academy of Nutrition and Dietetics stated that all
individuals receiving obesity pharmacotherapy
should have concurrent access to evidence-based
MNT delivered by a registered dietitian nutritionist
[30]. The integration of MNT extends beyond
symptom  management  and may  confer
pharmacoeconomic value. In the most closely related
population—adults  with dyslipidemia  and
cardiometabolic risk factors—a systematic review
and meta-analysis of multiple individual MNT
sessions delivered by registered dietitian nutritionists
demonstrated clinically meaningful improvements in
lipids, glycemia, body mass index, and blood
pressure, together with reduced need for lipid-
lowering medications and net cost savings primarily
driven by reduced medication use [56]. Key
nutritional strategies to support GLP-1 RA therapy
include transitioning from three large meals to five or
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six smaller, nutrient-dense feedings; reducing fat load
per meal; ensuring adequate hydration; and using
liquid or semi-solid foods during acute nausea
episodes [30]. Implementing protein targets of 1.2—
1.6 g/kg/day of adjusted or ideal body weight,
distributed across three to four daily meals, combined
with resistance training two to three times weekly
[32]. Screening for iron, vitamin B12, vitamin D, and
calcium status, with routine supplementation as
indicated [30].
8.2 Behavioral and Digital Interventions

Behavioral interventions  target  the
psychological barriers and habit-formation processes
critical for long-term persistence. The most
successful weight-loss trials to date have incorporated
intensive lifestyle interventions as a core component
of the trial protocol, modeled on the structured
behavioral curricula pioneered by the Diabetes
Prevention Program [57]. In these trials, the
comparator arm typically received the same lifestyle
intervention without active GLP-1 RA therapy,
indicating that the GLP-1 RA effect is additive to,
rather than independent of, structured behavioral
support. Given the global shortage of specialized
dietitians and behavioral therapists, digital platforms
have been proposed as a scalable strategy for
delivering structured behavioral support. Company-
published real-world data from the Omada Health
Enhanced GLP-1 Care Track, analyzing 1,124 self-
enrolled commercially insured adults without
diabetes, reported retention rates of 94% at 12 weeks
and 84% at 24 weeks, with mean weight loss of
12.1% among members who persisted through the
24-week program compared with 7.4% among those
who discontinued early [58]. While these outcomes
substantially exceed published real-world persistence
estimates, the underlying cohort is self-selected,
digitally engaged, and predominantly commercially
insured, which limits direct comparability with
broader real-world populations. In a separately
designed randomized controlled trial, Mathioudakis
et al. compared a fully autonomous artificial
intelligence-driven lifestyle intervention application
against traditional human coaching within a digital
Diabetes Prevention Program framework. The Al-
driven intervention was statistically noninferior to
human-led coaching for weight loss and glycated
hemoglobin reduction and outperformed human
coaching on engagement metrics, with higher rates of
program initiation (93.4% vs. 82.7%) and overall
completion (63.9% vs. 50.3%) [59].
8.3 Reframing Therapeutic Goals

A critical strategy for improving patient
persistence is reframing the therapeutic objective
from weight loss alone to cardiovascular risk
reduction. The SELECT trial demonstrated a 20%
reduction in MACE among patients with obesity and
established  cardiovascular  disease  [60]. A
prespecified sub-analysis suggested that the
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cardiovascular benefit was not fully explained by the
magnitude of total weight loss achieved: reductions
in waist circumference mediated only approximately
one-third of the treatment effect [61]. These data
indicate that GLP-1 RAs function as direct vascular
and systemic disease-modifying agents, operating
through anti-inflammatory pathways and endothelial
stabilization, rather than solely through adiposity
reduction [62]. From a clinical counseling
perspective, this distinction is of considerable
importance. Educating patients that the medication
confers cardiovascular and cerebrovascular protection
independently of the magnitude of weight loss may
provide the necessary motivation to maintain
adherence through inevitable weight-loss plateaus.
8.4 Policy and Systemic Interventions

Systemic changes are necessary to fully
realize the potential of GLP-1 therapies. Payers and
health systems should incentivize and reimburse the
support services that promote medication persistence,
recognizing that the considerable cost of these agents
is largely forfeited if patients discontinue therapy
within the first year [11]. Addressing the coverage
gap for obesity pharmacotherapy—particularly in
Medicare and other publicly funded programs—
would reduce financial barriers to access and
persistence.  Additionally, the pharmacological
pipeline is evolving to address adherence barriers
directly. Recently approved or emerging daily oral
small-molecule GLP-1 agonists may improve access
and reduce injection burden [63]. The development of
ultra-long-acting formulations and the exploration of
dose de-escalation protocols—examining whether
patients can sustain metabolic benefits on lower
maintenance doses combined with intensive lifestyle
interventions—represent  promising avenues for
future research.
9. Conclusion

The global evidence consistently
demonstrates that, while GLP-1 RAs are highly
effective agents for weight loss and metabolic
improvement, their real-world impact is substantially
diminished by poor long-term persistence. The
attrition of patients—driven by gastrointestinal
intolerance,  prohibitive  costs,  psychological
challenges, and insufficient behavioral support
infrastructure—represents a significant inefficiency
in healthcare delivery. Narrowing this persistence gap
will require a shift from a prescription-centered
model to an integrated care approach. Consistent with
the December 2025 World Health Organization
guidelines, obesity should be managed as a chronic,
relapsing disease in which pharmacotherapy is
explicitly paired with evidence-based dietary
guidance and structured lifestyle support [64].
Medical Nutrition Therapy should be systematically
offered as a standard component of care rather than
an optional adjunct, applied proactively to mitigate
side effects and reduce the risk of sarcopenia. Protein
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intake should be prescribed with individualized
targets and monitored with the same rigor applied to
glycated hemoglobin. Scalable behavioral health
interventions, including Al-driven digital
therapeutics, should be integrated to maintain
therapeutic continuity between clinic visits. Equally
important, the therapeutic objective should be
reframed from weight reduction alone to
comprehensive cardiovascular risk reduction and
long-term health gain. The pharmacological pipeline
is also evolving to address adherence barriers
directly. Recently approved or emerging daily oral
small-molecule GLP-1 agonists may improve access
and reduce injection burden. Concurrently, other
combination trials testing agents to preserve lean
mass during weight reduction represent a vital avenue
for actively addressing the metabolic consequences of
pharmacologically induced weight loss [65]. In
summary, while the pharmacology of metabolic
disease management has advanced considerably, the
care delivery systems required to support long-term
treatment retention remain underdeveloped. The next
decade must prioritize the construction of nutritional
and behavioral infrastructure capable of supporting
these therapies and closing the persistence gap. By
bridging the disciplines of pharmacotherapy,
nutritional  science, and behavioral ~medicine,
healthcare systems can optimize clinical and patient-
centered outcomes in the GLP-1 era.

References:

[1] Son JW, le Roux CW, Bluher M, Nauck MA, Lim
S. Novel GLP-1-Based Medications for Type 2
Diabetes and Obesity. Endocr Rev. 2026;47(2):159-
177.

[2] Harris MI. Medical care for patients with
diabetes: epidemiologic aspects. Ann Intern Med.
1996;124(1 Pt 2):117-122.

[3] Alfaris N, Waldrop S, Johnson V, Boaventura B,
Kendrick K, Stanford FC. GLP-1 Single, Dual, and
Triple Receptor Agonists for Treating Type 2
Diabetes and Obesity: A Narrative Review.
eClinicalMedicine. 2024;75:102782.

[4] Aronne LJ, Horn DB, Le Roux CW, et al.
Tirzepatide as Compared with Semaglutide for the
Treatment of Obesity. N Engl J Med.
2025;393(1):26-36.

[5] Lincoff AM, Brown-Frandsen K, Colhoun HM, et
al. Semaglutide and Cardiovascular Outcomes in
Obesity without Diabetes. N Engl J Med.
2023;389(24):2221-2232.

[6] American Diabetes Association. Summary of
Revisions: Standards of Medical Care in Diabetes—
2020. Diabetes Care. 2020;43(Suppl 1):S4-S6.

[7] Thomsen RW, Mailhac A, Lohde JB, Pottégard
A. Real-World Evidence on the Utilization, Clinical
and Comparative Effectiveness, and Adverse Effects
of Newer GLP-1RA-Based Weight-Loss Therapies.
Diabetes Obes Metab. 2025;27(Suppl 1):66-88.

[8] Rodriguez PJ, Zhang V, Gratzl S, et al.
Discontinuation and Reinitiation of Dual-Labeled

Saudi J. Med. Pub. Health Vol. 3 No. 1 (2026)

GLP-1 Receptor Agonists Among US Adults With
Overweight or Obesity. JAMA Netw Open.
2025;8(1):e2457349.

[9] Gleason PP, Urick BY, Marshall LZ, Friedlander
N, Qiu Y, Leslie RS. Real-World Persistence and
Adherence to Glucagon-like Peptide-1 Receptor
Agonists among Obese Commercially Insured Adults
without Diabetes. J Manag Care Spec Pharm.
2024;30(8):860-867.

[10] Sarpatwari A, Soto MJ, Ganguli L, Sloan CE,
Goss F, Sinaiko AD. Glucagon-Like Peptide-1
Receptor Agonist Order Fills and Out-of-Pocket
Costs by Race, Ethnicity, and Indication. JAMA
Health Forum. 2025;6(6):e254258.

[11] Dziewierz A, Siudak Z. Adherence and
Persistence with GLP-1-Based Therapies:
International Real-World Evidence and the Role of
Nutritional and Lifestyle Support—A Narrative
Review. Nutrients. 2026;18(11):1761.

[12] Lin J, Lingohr-Smith M, Fan T. Real-World
Medication Persistence and Outcomes Associated
with Basal Insulin and Glucagon-Like Peptide 1
Receptor Agonist Free-Dose Combination Therapy in
Patients with Type 2 Diabetes in the US. Clinicoecon
Outcomes Res. 2016;9:19-29.

[13] Polonsky W, Gamble C, lyer N, Martin M,
Hamersky C. Exploring Why People With Type 2
Diabetes Do or Do Not Persist With Glucagon-Like
Peptide-1 Receptor Agonist Therapy: A Qualitative
Study. Diabetes Spectr. 2023;36(1):73-81.

[14] World Health Organization. Adherence to Long-
Term Therapies: Evidence for Action. Geneva:
WHO; 2003.

[15] Cramer JA, Roy A, Burrell A, et al. Medication
Compliance and Persistence: Terminology and
Definitions. Value Health. 2008;11(1):44-47.

[16] Clifford S, Perez-Nieves M, Skalicky AM,
Reaney M, Coyne KS. A Systematic Literature
Review of Methodologies Used to Assess Medication
Adherence in Patients with Diabetes. Curr Med Res
Opin. 2014;30(6):1071-1085.

[17] Giorgino F, Penfornis A, Pechtner V, Gentilella
R, Corcos A. Adherence to Antihyperglycemic
Medications and Glucagon-Like Peptide 1-Receptor
Agonists in Type 2 Diabetes: Clinical Consequences
and Strategies for Improvement. Patient Prefer
Adherence. 2018;12:707-719.

[18] Lim CE, Pasternak B, Eliasson B, Ueda P.
Treatment Discontinuation among Users of GLP-1
Receptor Agonists and SGLT2 Inhibitors in a
National Population of Individuals with Type 2
Diabetes. Diabetologia. 2025;68(8):1680-1695.

[19] Lassen MCH, Johansen ND, Modin D, et al.
Adherence to Glucagon-Like Peptide-1 Receptor
Agonist Treatment in Type 2 Diabetes Mellitus: A
Nationwide Registry Study. Diabetes Obes Metab.
2024;26(11):5239-5250.

[20] Siudak Z, Daniec M, Szarpak L, Tomaszewska
M, Kozela M, Dziewierz A. Low Long-Term
Persistence with GLP-1  Receptor  Agonists



58 Factors Influencing Adherence to GLP-1 Receptor Agonist Therapy Among Patients,.....

Treatment: Real-World Evidence from a Large Polish
Cohort. Diabetes Obes Metab. 2025;27(12):6011-
6017.

[21] Machado-Duque ME, Gaviria-Mendoza A,
Valladares-Restrepo  LF,  Machado-Alba  JE.
Persistence of Weekly Injectable Semaglutide Use in
Patients with Diabetes Mellitus and Obesity: A
Retrospective Follow-Up in Colombia. Drugs Real
World Outcomes. 2025;12(4):615-622.

[22] Ali M, Amirthalingam P, Alshareef H, et al.
Medication Adherence to Semaglutide versus
Empagliflozin in Adults with Type 2 Diabetes: A
Retrospective Observational Study in Saudi Arabia.
Patient Prefer Adherence. 2025;19:4179-4190.

[23] Kadowaki T, Heftdal LD, Ko HJ, et al. Oral
Semaglutide in an East Asian Population With
Overweight or Obesity, With or Without Type 2
Diabetes: The OASIS 2 Randomized Clinical Trial.
JAMA Intern Med. 2025;185(11):1206-1217.

[24] Ismaiel A, Scarlata GGM, Boitos I, et al.
Gastrointestinal Adverse Events Associated with
GLP-1 RA in Non-Diabetic Patients with Overweight
or Obesity: A Systematic Review and Network Meta-
Analysis. Int J Obes. 2025;49(12):1946-1957.

[25] Mller TD, Finan B, Bloom SR, et al. Glucagon-
Like Peptide 1 (GLP-1). Mol Metab. 2019;30:72-130.
[26] Sikirica MV, Martin AA, Wood R, Leith A,
Piercy J, Higgins V. Reasons for Discontinuation of
GLP1 Receptor Agonists: Data from a Real-World
Cross-Sectional Survey of Physicians and Their
Patients with Type 2 Diabetes. Diabetes Metab Syndr
Obes. 2017;10:403-412.

[27] Factors Contributing to Non-Persistence of
Glucagon-Like Peptide-1 Agonists: A  Cross-
Sectional Study. Available at: ScienceDirect. 2025.
[28] Wharton S, Freitas P, Hjelmesath J, et al. Once-
Weekly Semaglutide 7-2 Mg in Adults with Obesity
(STEP UP): A Randomised, Controlled, Phase 3b
Trial. Lancet Diabetes Endocrinol. 2025;13(12):949-
963.

[29] Steinert RE, Schirra J, Meyer-Gerspach AC, et
al. Effect of Glucagon-Like Peptide-1 Receptor
Antagonism on Appetite and Food Intake in Healthy
Men. Am J Clin Nutr. 2014;100(2):514-523.

[30] Mozaffarian D, Agarwal M, Aggarwal M, et al.
Nutritional Priorities to Support GLP-1 Therapy for
Obesity: A Joint Advisory From the American
College of Lifestyle Medicine, the American Society
for Nutrition, the Obesity Medicine Association, and
the Obesity Society. Am J Lifestyle Med.
2025;19(2):344-367.

[31] Jensen SBK, Sorensen V, Sandsdal RM, et al.
Bone Health After Exercise Alone, GLP-1 Receptor
Agonist Treatment, or Combination Treatment: A
Secondary Analysis of a Randomized Clinical Trial.
JAMA Netw Open. 2024,7(6):e2416775.

[32] Cava E, Yeat NC, Mittendorfer B. Preserving
Healthy Muscle during Weight Loss. Adv Nutr.
2017;8(3):511-519.

Saudi J. Med. Pub. Health Vol. 3 No. 1 (2026)

[33] Bauer J, Biolo G, Cederholm T, et al. Evidence-
Based Recommendations for Optimal Dietary Protein
Intake in Older People: A Position Paper from the
PROT-AGE Study Group. J Am Med Dir Assoc.
2013;14(8):542-559.

[34] Deutz NEP, Bauer JM, Barazzoni R, et al.
Protein Intake and Exercise for Optimal Muscle
Function with Aging: Recommendations from the
ESPEN Expert Group. Clin Nutr. 2014;33(6):929-
936.

[35] Hayashi D, Edwards C, Emond JA, et al. What
Is Food Noise? A Conceptual Model of Food Cue
Reactivity. Nutrients. 2023;15(22):4809.

[36] Richard JE, Anderberg RH, Goteson A, Gribble
FM, Reimann F, Skibicka KP. Activation of the
GLP-1 Receptors in the Nucleus of the Solitary Tract
Reduces Food Reward Behavior and Targets the
Mesolimbic System. PLoS One.
2015;10(3):e0119034.

[37] Choi W, Nho YH, Qiu L, et al. Brain Activity
Associated with Breakthrough Food Preoccupation in
an Individual on Tirzepatide. Nat Med.
2025;31(12):4038-4043.

[38] Dang V, Sambuco N, Yammine L, Versace F.
Do GLP-1 Receptor Agonists Alter Brain Responses
to Reward-Related Cues? A Systematic Review.
bioRxiv. 2026.

[39] Berg S, Stickle H, Rose SJ, Nemec EC.
Discontinuing Glucagon-Like Peptide-1 Receptor
Agonists and Body Habitus: A Systematic Review
and Meta-Analysis. Obes Rev. 2025;26(4):e139209.
[40] Kolli RT, Aoutla S, Jyothi N, Mohamed Kalifa
MRH, Raju A, Cheenikkal Muralidharan K. Rebound
or Retention: A Meta-Analysis of Weight Regain
After the Discontinuation of Glucagon-Like Peptide-
1 (GLP-1) Receptor Agonists and Other Anti-Obesity
Drugs. Cureus. 2025;17(2):€94926.

[41] Polonsky WH, Skinner TC. Perceived Treatment
Efficacy: An Overlooked Opportunity in Diabetes
Care. Clin Diabetes. 2010;28(2):89-92.

[42] Foot H, La Caze A, Gujral G, Cottrell N. The
Necessity-Concerns Framework Predicts Adherence
to Medication in Multiple Illness Conditions: A
Meta-Analysis. Patient Educ Couns. 2016;99(5):706-
717.

[43] Levi J, Wang J, Venter F, Hill A. Estimated
Minimum Prices and Lowest Available National
Prices for Antiobesity Medications: Improving
Affordability and Access to Treatment. Obesity.
2023;31(5):1270-1279.

[44] Hwang JH, Laiteerapong N, Huang ES, Kim
DD. Lifetime Health Effects and Cost-Effectiveness
of Tirzepatide and Semaglutide in US Adults. JAMA
Health Forum. 2025;6(1):245586.

[45] Zhang D, Gencerliler N, Mukhopadhyay A, et al.
Association of Patient Cost Sharing With Adherence
to GLP-1RA and Adverse Health Outcomes.
Diabetes Care. 2025;48(8):1329-1336.



asha Salem Salama Alrehaili et.al. 59

[46] IQVIA. Patient Behavior: How Does Price
Sensitivity and Adherence Shape the GLP-1 Market.
IQVIA Blog. November 19, 2025.

[47] Khan T, Tsipas S, Loustalot F, et al. State-Level
Variation in Glucagon-Like Peptide-1 Receptor
Agonists Fills and Spending by Obesity Prevalence,
2023. J Am Heart Assoc. 2025;14(12):e043137.

[48] Rowland S, Hummel S, Sikand G, Brandt EJ.
Expansion of Medicare Coverage for Medical
Nutrition ~ Therapy. JAMA  Netw  Open.
2025;8(7):e257716.

[49] Wu J, Perez A, Sullivan PW. Patterns and Costs
Associated with Glucagon-Like Peptide-1 Receptor
Agonist Use in US Adults with Type 2 Diabetes. J
Manag Care Spec Pharm. 2025;31(10):1029-1038.
[50] National Institute for Health and Care
Excellence. Semaglutide for Managing Overweight
and Obesity. London: NICE; 2023. (Technology
Appraisal TA875).

[51] Malmenas M, Bouchard JR, Langer J.
Retrospective Real-World Adherence in Patients with
Type 2 Diabetes Initiating Once-Daily Liraglutide 1.8
mg or Twice-Daily Exenatide 10 pg. Clin Ther.
2013;35(6):795-807.

[52] Johnston SS, Nguyen H, Felber E, et al.
Retrospective Study of Adherence to Glucagon-Like
Peptide-1 Receptor Agonist Therapy in Patients with
Type 2 Diabetes Mellitus in the United States. Adv
Ther. 2014;31(11):1119-1133.

[53] Alatorre C, Fernandez Landd L, Yu M, et al.
Treatment Patterns in Patients with Type 2 Diabetes
Mellitus Treated with Glucagon-Like Peptide-1
Receptor  Agonists:  Higher  Adherence and
Persistence with Dulaglutide Compared with Once-
Weekly Exenatide and Liraglutide. Diabetes Obes
Metab. 2017;19(7):953-961.

[54] Matfin G, van Brunt K, Zimmermann AG,
Threlkeld R, Ignaut DA. Safe and Effective Use of
the Once Weekly Dulaglutide Single-Dose Pen in
Injection-Naive Patients with Type 2 Diabetes. J
Diabetes Sci Technol. 2015;9(5):1071-1079.

[55] Palanca A, Ampudia-Blasco FJ, Calderén JM, et
al. Real-World Evaluation of GLP-1 Receptor
Agonist Therapy Persistence, Adherence and
Therapeutic Inertia Among Obese Adults with Type
2 Diabetes. Diabetes Ther. 2023;14(4):719-734.

[56] Sikand G, Cole RE, Handu D, et al. Clinical and
Cost Benefits of Medical Nutrition Therapy by
Registered Dietitian Nutritionists for Management of
Dyslipidemia: A Systematic Review and Meta-
Analysis. J Clin Lipidol. 2018;12(5):1113-1122.

[57] Diabetes Prevention Program Research Group.
10-Year Follow-up of Diabetes Incidence and Weight
Loss in the Diabetes Prevention Program Outcomes
Study. Lancet. 2009;374(9702):1677-1686.

[58] Omada Health, Inc. Omada Health's Enhanced
GLP-1 Care Track Demonstrates Increased
Medication Persistence and Weight Loss Outcomes
at 12 and 24 Weeks. Company-Published Real-World
Analysis. June 17, 2025.

Saudi J. Med. Pub. Health Vol. 3 No. 1 (2026)

[59] Mathioudakis N, Lalani B, Abusamaan MS, et
al. An Al-Powered Lifestyle Intervention vs Human
Coaching in the Diabetes Prevention Program: A
Randomized Clinical Trial. JAMA.
2025;334(24):2079-2089.
[60] Deanfield J, Lincoff AM, Kahn SE, et al.
Semaglutide and Cardiovascular Outcomes by
Baseline and Changes in Adiposity Measurements: A
Prespecified Analysis of the SELECT Trial. Lancet.
2025;406(10470):2257-2268.
[61] Pérez-Belmonte LM, Prieto-Lain N, Gémez-
Huelgas R. Therapeutic Strategies for Diabetic
Cardiomyopathy: SGLT2 Inhibitors, GLP-1 Receptor
Agonists, and Beyond. Kardiol Pol. 2025;83(7-
8):795-797.
[62] Kalayci A, Januzzi JL, Mitsunami M, Tanboga
IH, Karabay CY, Gibson CM. Clinical Features
Modifying the Cardiovascular Benefits of GLP-1
Receptor Agonists: A Systematic Review and Meta-
Analysis. Eur Heart J Cardiovasc Pharmacother.
2025;11(5):552-561.
[63] Kansakar U, Jankauskas SS, Pande S, Mone P,
Varzideh F, Santulli G. Orforglipron: A
Comprehensive Review of an Oral Small-Molecule
GLP-1 Receptor Agonist for Obesity and Type 2
Diabetes. Int J Mol Sci. 2026;27(3):1409.
[64] Celletti F, Farrar J, De Regil L. World Health
Organization Guideline on the Use and Indications of
Glucagon-Like Peptide-1 Therapies for the Treatment
of Obesity in Adults. JAMA. 2026;335(5):434-438.
[65] Von Haehling S, Sato R, Langer H, et al. Muscle
Loss in Obesity Therapy as a Therapeutic
Target: Trial Design and Endpoints for
Regulatory Discussions. J Cachexia
Sarcopenia Muscle. 2025;16(2):e70147.



